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Capillarity. In fine tubes water will rise by surface tension to heights
which depend upon the fineness of the tube. The vessels of plants are
very fine tubes; not, however, fine enough so that the recognized physics
of capillarity as applied to this problem seem to suffice to account for the
lifting of water to any considerable fraction of the height to which it does
ascend.
Atmospheric pressure. As water is lost by the leaf, the leaf by means
of osmotic pressure draws water from the -vessels, and so there is a tend-
ency to produce a vacuum. It has been explained that atmospheric pres-
sure acting on the water in the soil forces the water up the stem to replace
that lost by evaporation. An objection to this theory is that the atmos-
pheric pressure is not known to raise water more than about ten meters
and there are trees which are a hundred meters or more in height.
Cohesion. The theory which has been most generally accepted is the
cohesion theory. This theory is based on two factors which are generally
accepted as facts. The first is that the osmotic force with which the leaves
draw water from the vessel to replace that lost by transpiration is sufficient
to lift the weight of the water which moves through the stem and also to
overcome any resistance due to friction etc. The second is that in very
small solid columns water holds together with great tenacity. In fact in
capillary tubes a column of water will hold together with sufficient force
so that a column as long as the height of the tallest tree could be lifted
by a pull at the upper end. An objection which has been raised to the
cohesion theory is that the water does not occur in" the vessels as solid
columns, because larger or smaller air bubbles are found hi the vessels, and
that water moves around these. It is argued that these air bubbles and
also the movement of trees by the wind would cause the column to break.
The claim is made, however, that solid columns of water have been demon-
strated in small plants. While the cohesion theory is widely held, the objec-
tions to it have never been met satisfactorily enough to cause its universal
acceptance.
Diffusion of water vaporl A very recent theory makes use of 'air
bubbles in the vessels. This theory starts with the evident truth that all
water in the plant is continuous, that in adjacent cells being continuous
through the cell walls, that in vessels being continuous through the cell
walls with that in surrounding cells, and so on throughout the whole plant.
The water lining the vessels is thus continuous with that in all parts of the
leaves and stems. Where a cell is deficient in water, water will be drawn
from a neighboring cell to make good the deficiency. In turn, the cell
which has given up water will again draw water from another cell. The
cells in contact with vessels will draw water from them. That water is so
drawn we know to be true. The rapid movement of water in the vessels of
the stem is explained as being due to the movement of water in the form